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1.1. Direct diode lasers for laser cutting of metal sheets  
7KH LQWHUHVWRI XVLQJDirect Diode Lasers ''/V DV DQDOWHUQDWLYH WRPRUH HVWDEOLVKHG WHFKQRORJLHV IRU ODVHU
SURFHVVLQJRIPHWDOVKHHWVOD\VSULPDULO\LQWKHLQFUHDVHGZDOOSOXJHIILFLHQF\KLJKHUFRPSDFWQHVVDQGORZHUSULFH
SHU:DWWWKDWWKHVHV\VWHPVFDQRIIHU7KHH[LVWHQFHRIGLIIHUHQWZDYHOHQJWKVGHSHQGLQJRQWKHW\SHRIGLRGHVXVHG
RU WKHSRVVLELOLW\RIKDYLQJD IXOO\SRODUL]HGKLJKSRZHU ODVHUEHDPRXWSXW DUHRWKHU LPSRUWDQW FKDUDFWHULVWLFV ,I
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JHQHUDO,QUHFHQW\HDUVZHKDYHVHHQDJURZLQJLQWHUHVWIURPLQGXVWU\LQWKLVW\SHVRIODVHUVDQGWKHDSSOLFDWLRQDUHD
LVQRZH[SDQGLQJWRZDUGVWKHLUXVHLQODVHUFXWWLQJRQHRIWKHPRVWGHPDQGLQJPDWHULDOSURFHVVHVLQWHUPVRIEHDP
TXDOLW\ 5HVHDUFK LV FORVHO\ IROORZLQJ WKLV WUHQG 2Q RQH KDQG GHYHORSPHQWV LQ RSWLFV DQG EHDP FRPELQLQJ
WHFKQLTXHVDOORZHGFRQVLGHUDEOHLPSURYHPHQWVLQEHDPTXDOLW\IRUFRQYHQWLRQDOGLRGHODVHUV=HGLNHUHWDO
.|KOHUHWDO$ILUVWDVVHVVPHQWRIWKHFXWWLQJSHUIRUPDQFHRIVXFKLPSURYHG''/VZKHQFRPSDULQJZLWK
FRQYHQWLRQDO ODVHUV IRU FXWWLQJ &2 DQG ILEHU ZDV SHUIRUPHG E\ &RVWD 5RGULJXHV HW DO E )XUWKHU
H[SHULPHQWDO UHVXOWVZLWK DQ RYHUYLHZRQ WKH WKHRUHWLFDO EHQHILWV LQ WHUPVRI DEVRUSWLRQZHUH GHVFULEHG ODWHU LQ
&RVWD5RGULJXHV D7KHVH UHVXOWV KDYHPDLQO\ VKRZQ WKDW LQGXVWULDO UHOHYDQW FXWWLQJ VSHHGV DW DFFHSWDEOH
FXWWLQJTXDOLW\DUHSRVVLEOHZLWKVXFKODVHUV2QWKHRWKHUKDQGPRUHDPELWLRXVRSWLFDOFRQFHSWVDUHDOVRHPHUJLQJ
LQRUGHUWRIXUWKHULQFUHDVHWKHEHDPTXDOLW\HYHQWKRXJKIRUQRZLQGHWULPHQWRIWKHILQDOFRVW+XDQJHWDO
+HLQHPDQQ HW DO 7KHVH FRQFHSWV KDYH UHFHQWO\ RSHQHG DZLQGRZRI RSSRUWXQLW\ LQ ODVHU FXWWLQJ RI KLJK
UHIOHFWLYHPDWHULDOVVXFKDVFRSSHUDQGEUDVVDQGILUVWH[SHULPHQWDOUHVXOWVZHUHVHHQLQWKHZRUNRI3UHYLWDOLHWDO

1.2. Polarization in laser cutting 
$VUHVXOWRIWKHJHRPHWULFGHVLJQRIWKHODVHUFDYLW\PRVWKLJKSRZHU&2ODVHUVRXUFHVDUHRULJLQDOO\OLQHDUO\
SRODUL]HG ,Q WKLV FRQGLWLRQ WKH FXWWLQJ LV GHSHQGHQW RQ WKH FXW GLUHFWLRQ DQG NQRZQ WR SRVLWLYHO\ LQIOXHQFH WKH
FXWWLQJVSHHGLQWKHGLUHFWLRQRISRODUL]DWLRQ3RZHOO1HYHUWKHOHVVDSKDVHUHWDUGHUPLUURULVW\SLFDOO\XVHG







LQWUDFDYLW\ UHVRQDQW JUDQWLQJ PLUURU 7KH VDPH UHVHDUFK JURXS KDV DOVR LQYHVWHG LQ REWDLQLQJ D UDGLDO SRODUL]HG
RXWSXW IURP  P UDGLDWLRQ :HEHU HW DO  LQ WKLV FDVH D KLJK SRZHU GLVN ODVHU XVLQJ DQ H[WUDFDYLW\
SRODUL]DWLRQ FRQYHUVLRQPHFKDQLVP 7KH LQSXW ODVHU LV UHTXLUHG WR EH OLQHDUO\ SRODUL]HG DQG WKXV D ILUVW VWHS WR
SRODUL]HWKHODVHUWKDWW\SLFDOO\ZDVWHVDFRQVLGHUDEOHDPRXQWRISRZHULVQHHGHG(YHQZLWKRXWDQHIILFLHQWZD\WR
REWDLQKLJKSRZHUODVHUVZLWKDUDGLDOSRODUL]DWLRQRXWSXWUHVHDUFKKDVEHHQGHGLFDWHGWRZDUGVLWIRUPUDGLDWLRQ
DQG VKRZQ D SRVVLEOH LQFUHDVH LQ HGJH TXDOLW\ DQG SURFHVV VSHHG +LUDQR HW DO  0RUH UHFHQWO\ QHZ
LQYHVWLJDWLRQVRQFXWWLQJZLWKSRODUL]HG''/VKDYHVKRZQWKDWDQRSWLPL]HGSRODUL]DWLRQVWUDWHJ\PD\FRQVLGHUDEO\
LPSURYHFXWWLQJHIILFLHQF\ZLWKXSWRGLIIHUHQFHLQFXWWLQJVSHHGIRUIXVLRQFXWWLQJ&RVWD5RGULJXHV
7KLV SDSHU EXLOGV RQSUHYLRXV VWXGLHV IURP WKH DXWKRUVRQSRODUL]DWLRQ FRQWUROZLWKGLUHFW GLRGH ODVHUV &RVWD





LQ FRPSDULVRQ ZLWK SUHYLRXV FXWWLQJ UHVXOWV ZLWK DQ DSSUR[LPDWHO\ D]LPXWKDO DQG UDGLDO SRODUL]DWLRQ VWUDWHJLHV
)XUWKHUPRUHIXVLRQFXWWLQJH[SHULPHQWVDUHHQKDQFHGE\DGGLQJQHZH[SHULPHQWDOUHVXOWVDQGDUHGLVFXVVHG7KLV
LQFOXGHVGLIIHUHQWSRODUL]DWLRQVWUDWHJLHVFRPELQHGZLWK WZR W\SHVRIPDWHULDOVQDPHO\VWDLQOHVV VWHHOV W\SH/
DQG/
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
'HVFULSWLRQRIWHVWVHWXSDQGH[SHULPHQWV
2.1. Test setup 





RI WKH FRPELQLQJ WHFKQLTXHV WR VFDOHXS WKH SRZHUZKLOHPDLQWDLQLQJEHDPTXDOLW\ ,Q RUGHU WRREWDLQ D OLQHDUO\
SRODUL]HGRXWSXWZLWKWKHVDPHSRZHUDQGEHDPTXDOLW\ZDYHOHQJWKFRXSOLQJFDQEHXVHGLQVWHDG7KLVWHFKQLTXH
SURGXFHVD ODVHUEHDPZLWKPRUH WKDQRQHZDYHOHQJWK%RWK UDGLDO 5DQGD]LPXWKDO $ VWUDWHJLHVDUHREWDLQHG
IURPWKHOLQHDUO\SRODUL]HGODVHUVRXUFH,QWKLVFDVHDEHDPFRQYHUWHUFRPSRVHGRIDFRPELQDWLRQRIVHJPHQWVRI
EHDP UHWDUGHUV LV XVHG LQRUGHU WR ORFDOO\ URWDWH WKHSRODUL]DWLRQRI WKH ODVHU EHDP)RXU VHJPHQWVZHUHXVHG WR
DSSUR[LPDWH WKHVHSRODUL]DWLRQVWDWHVGHILQLQJD WRWDORI IRXUD[HVRI V\PPHWU\ ,W LV LPSRUWDQW WRQRWLFH WKDW WKH
EHDPTXDOLW\REWDLQHGIRUWKH&PRGXOHLVVOLJKWO\EHWWHUWKDQWKHRQHREWDLQHGIRUWKHRWKHUWKUHHVHWXSV7KLVLV
PDLQO\DWWULEXWHGWRGLIIHUHQWGLRGHEDUVDQGRSWLFDOFRPSRQHQWVXVHGLQWKHWZR''/VRXUFHV






FRQWURO WKHHQHUJ\ LQSXW WR WKHSURFHVV&XWWLQJVSHHGVWHSVRIPPPLQZHUHXVHGIRUHDFKH[SHULPHQW IURP
WRPPPLQ
2.3. Fusion cutting experiments 
,QWKHVHH[SHULPHQWVWKH/SRODUL]DWLRQVWUDWHJ\LVFRPSDUHGZLWKWKHFXWWLQJUHVXOWVREWDLQHGZLWKERWK5DQG
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PPWKLFNVWDLQOHVVVWHHOVKHHWVRIERWK/DQG/W\SHVPDWHULDOFRPSRVLWLRQVHH7DEOH(DFKWHVWFRQVLVWV
RI FXWWLQJ D OLQH ZLWK JUDGXDOO\ LQFUHDVLQJ FXWWLQJ VSHHG WLOO IDLOXUH )RU WKH SHUIRUPHG VHW RI WHVWV WKH IDLOXUH





ĚĞƐŝŐŶĂƚŝŽŶ ƌŽƐƐͲƉŽůĂƌŝǌĂƚŝŽŶ >ŝŶĞĂƌͲƉŽůĂƌŝǌĂƚŝŽŶ ZĂĚŝĂůͲƉŽůĂƌŝǌĂƚŝŽŶ ǌŝŵƵƚŚĂůͲƉŽůĂƌŝǌĂƚŝŽŶ
ďďƌĞǀŝĂƚŝŽŶŝŶ





^ǇŵŵĞƚƌǇĂǆĞƐ ϰ Ϯ ϰ ϰ
ĂƐĞWW ϮϮŵŵŵƌĂĚ ϮϮŵŵŵƌĂĚ ϮϮŵŵŵƌĂĚ ϮϮŵŵŵƌĂĚ
DĞĂƐƵƌĞĚWWϭ Ϯϴ͕ϯϵŵŵŵƌĂĚ ϯϯ͕ϱϴŵŵŵƌĂĚ ϯϮ͕ϴϱŵŵŵƌĂĚ ϯϬ͕ϳϴŵŵŵƌĂĚ
ĞĂŵǁĂŝƐƚϭ ϯϳϰђŵ ϰϭϰђŵ ϰϭϰђŵ ϰϰϬђŵ
tĂǀĞůĞŶŐƚŚ ϵϮϬŶŵ ϵϮϬΘϵϲϬŶŵ ϵϮϬΘϵϲϬŶŵ ϵϮϬΘϵϲϬŶŵ




^ƚĞĞů й DŶй Wй ^й ^ŝй &Ğй    
^ϯϱϱϭ Ϭ͘Ϯϯ ϭ͘ϲϬ Ϭ͘Ϭϱ Ϭ͘Ϭϱ Ϭ͘Ϭϱ ĂůĂŶĐĞ    
^ƚĂŝŶůĞƐƐ й DŶй Wй ^й ^ŝй ƌй Eŝй DŽй Eй &Ğй
ϯϬϰ>ϭ Ϭ͘Ϭϯ Ϯ͘ϬϬ Ϭ͘Ϭϰϱ Ϭ͘Ϭϯ Ϭ͘ϳϱ ϭϴ͘ϬϬͲϮϬ͘ϬϬ ϴ͘ϬͲϭϮ͘Ϭ Ͳ Ϭ͘ϭ ĂůĂŶĐĞ
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RISUHVVXUHDQGWKHREVHUYHGPD[LPXPDFKLHYDEOHFXWWLQJVSHHGDUHGLIIHUHQWWKRXJK7KHFRORUFRGHVXVHGLQWKH
ORZHUSDUWRIWKHWDEOHIRUWKHH[SHULPHQWDOUHVXOWVGRFXPHQWWKHTXDOLWDWLYHDVVHVVPHQWRIWKHFXWWLQJUHVXOWV7KH
EHVW FXWWLQJ FRQGLWLRQ LV FRQVLGHUHG IRU D FRPELQDWLRQ RI KLJK VSHHG DQG DQ DFFHSWDEOH HGJH TXDOLW\ ZKLFK LV
FKDUDFWHUL]HG E\ D UHODWLYHO\ VPRRWK HGJH DQG QR DWWDFKHG GURVV ,Q WKH SUHVHQW FDVH D FRQGLWLRQ WKDW DOORZV D
PD[LPXPFXWWLQJVSHHGRIPPPLQDQGDQDFFHSWDEOHHGJHTXDOLW\ZDVIRXQGDQGLVPDUNHGE\WKHEODFNER[







3.2. Fusion cutting experiments 
7KHUHVXOWVRIWKHVHH[SHULPHQWVDUHVXPPDUL]HGLQ)LJ,WLVLPSRUWDQWWRQRWLFHWKDWQRFOHDUUHODWLRQVHHPVWR






F DQG G DUH UHSUHVHQWDWLYH RI WKHVH FRQGLWLRQV :H VHH WKDW WKH KLJKHVW PD[LPXP FXWWLQJ VSHHGV IRU HDFK
SRODUL]DWLRQ VWUDWHJ\ DUH QRW FRLQFLGHQW ZLWK WKH EHVW FXWWLQJ TXDOLW\ HGJHV DQG DUH REWDLQHGZKHQ WKH IRFXV LV
SRVLWLRQHGQHDUWKHFHQWHURIWKHVKHHW7KHPD[LPXPFXWWLQJVSHHGVDFKLHYHGZLWKWKH/VWUDWHJ\DUHWKHKLJKHVW




VKHHW IURP D GLIIHUHQWPDQXIDFWXUHU 1HYHUWKHOHVV DV H[SHFWHG IURP WKH LQLWLDO DVVXPSWLRQV IURP WKH DEVRUSWLRQ
FXUYHVLWLVSRVVLEOHWRVHHWKDWWKLVFXUYHLVSRVLWLRQHGLQEHWZHHQWKH$DQG5VWUDWHJLHVLQWKH&ODVV,UHJLRQ
7KH VLJQLILFDQWGHFUHDVH LQFXWWLQJ VSHHG IRU WKH& VWUDWHJ\DW DKLJKHU IRFXVSRVLWLRQPD\EH UHODWHG WRD VOLJKW
GLIIHUHQWPDWHULDO FRPSRVLWLRQ DQG WR WKH UHODWLYHO\ GLIIHUHQW EHDP JHRPHWU\ LQ FRPSDULVRQZLWK WKH RWKHU WKUHH
VWUDWHJLHV
,PSRUWDQW WR QRWLFH LV WKH IDFW WKDW WKH WUHQGV REVHUYHG IRU WKH PD[LPXP FXWWLQJ VSHHGV ZLWK WKH VWXGLHG
SRODUL]DWLRQVWUDWHJLHVVHHPWREHVLPLODUIRUERWKWKH/DQG/PDWHULDOV,QDOOWKUHHFDVHVWKH/FXUYH
FRQVLVWHQWO\VKRZVDKLJKHUFXWWLQJVSHHG1HYHUWKHOHVVWKLVUHODWLYHO\VWHDG\VKLIWPD\EHH[SODLQHGZLWKDFORVHU
ORRN WR WKHPDWHULDOSURSHUWLHV7KH/ W\SHRI VWDLQOHVV VWHHOKDV W\SLFDOO\D ORZHUPHOWLQJSRLQW LQ WKH UDQJH
EHWZHHQ&DQG&ZKHQFRPSDUHGWRWKH/W\SHZLWKDUDQJHEHWZHHQ&DQG&ZKLFK
LVGLUHFWO\OLQNHGWRWKHGLIIHUHQWPDWHULDOFRPSRVLWLRQ3HFNQHUHWDO$VRWKHUSURSHUWLHVVXFKDVVSHFLILF
KHDW FRQGXFWLRQ RU GHQVLW\ GR QRW FKDQJH VLJQLILFDQWO\ 3HFNQHU ZHPD\ FRQVLGHU WKDW WKH H[WUD HQHUJ\
QHHGHGGXULQJWKHFXWWLQJSURFHVVGXHWRWKHKLJKHUPHOWLQJSRLQWLVWKHSUREDEOHFDXVHRIDORZHUFXWWLQJVSHHGIRU
WKH/VDPSOHV
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7DEOH)ODPHFXWWLQJH[SHULPHQWVZLWKDOLQHDUO\SRODUL]HGEHDPRXWSXWDQGFRPSDULVRQRISURFHVVZLQGRZZLWKDUDGLDOO\SRODUL]HGRXWSXW
&ŽĐƵƐ΀ŵŵ΁ Ϭ Ͳϭ ͲϮ Ͳϯ Ͳϰ
WƌĞƐƐƵƌĞ΀ďĂƌ΁ Ϭ͘ϱ ϭ ϭ͘ϱ Ϭ͘ϱ ϭ ϭ͘ϱ Ϭ͘ϱ ϭ ϭ͘ϱ Ϭ͘ϱ ϭ ϭ͘ϱ Ϭ͘ϱ ϭ ϭ͘ϱ
^ϭͲϭϰϬϬ
΀ŵŵͬŵŝŶ΁
   
^ϮͲϭϲϬϬ
΀ŵŵͬŵŝŶ΁




































































































7KH UHVXOWV SUHVHQWHG LQ WKLV SDSHU DUH XOWLPDWHO\ GHPRQVWUDWLQJ WKH SRWHQWLDO RI DQ RSWLPL]HG SRODUL]DWLRQ
VWUDWHJ\ IRU LQFUHDVLQJSHUIRUPDQFHRI FXWWLQJZLWK''/V%RWK IODPHDQG IXVLRQFXWWLQJSURFHVVHVFRXOGJUHDWO\
LPSURYH IURP LW HYHQ WKRXJK WR D GLIIHUHQW H[WHQW ,Q JHQHUDO LW FDQ EH REVHUYHG WKDW IODPH FXWWLQJZLWK DQ/
VWUDWHJ\ FRXOG EH XS WR  IDVWHU WKDQ ERWK$ DQG5 VWUDWHJLHV2Q WKH RWKHU KDQGZLWKRXW WKH H[WUD HQHUJ\
SURYLGHGE\WKHH[RWKHUPLFUHDFWLRQGXHWRWKHR[\JHQDVVLVWJDVWKLVUHODWLYHGLIIHUHQFHLQFUHDVHG+HUHZHDOVR
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